Recently Ramos-Alvarez and Olarte in Mexico City (1) reported that 58 per cent of a series of 246 infants with diarrhea were positive for either enteroviruses or adenoviruses, in contrast to only 12 per cent of 158 control children without diarrhea. In a four-year study, Yow, Melnick and co-workers in Houston (2, 3) recovered viruses from 13 per cent of 560 diarrheal infants, but also found that 11 per cent of 568 controls without diarrhea were virus-positive. A recent review (4) of studies from North America and Western Europe could report no significant differences in viral excretion rates between diarrheal infants and control subjects. Consideration of these results suggested that the etiology of infantile diarrhea may have a marked geographic or socioeconomic variation, and that virus studies performed in areas of high incidence of infantile diarrhea might reveal an ' From the World Health Organization International Reference Centre for Enteroviruses, Department of Virology and Epidemiology, Baylor University College of Medicine, Houston, Texas 77025. This investigation was supported by Public Health Service research contract PH 43-63-1174, research grant AI 05382, and training grant 5 Tl AI 74, from the National Institute of Allergy and Infectious Diseases, NTH.
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etiologic association between viruses and diarrhea.
In connection with our studies on infantile diarrhea, we recently reported viral studies on over 800 infants under two years of age in Karachi, Pakistan (5) . Rectal swab specimens of almost 80 per cent of all infants, including both "healthy" children and those with diarrhea, were positive for virus-a much higher prevalence of virus in this age group than those reported from other areas of the world. Although there was no difference in the rates of total virus recovery, it appeared that adenoviruses and group A coxsackieviruses might have some etiologic significance in infantile diarrhea in Karachi, because the rate of recovery of these virus groups was significantly greater in infants with diarrhea than in the control infants. Even so, infants with either adenoviruses or group A coxsackieviruses accounted for less than 25 per cent of the diarrheal cases, leaving the majority without a specific viral etiology. In bacteriologic studies performed on the same specimens, 20 per cent of the diarrheal cases could be accounted for by a known bacterial pathogen, mainly enteropathogenic E. coli and ShigeUa (6) . The bacteriologic findings in Karachi were similar to those reported for studies of infantile diarrhea in other areas (1) (2) (3) (4) 7, 8) .
Because of the high prevalence of viruses, it seemed likely that multiple viruses might have been present in single clinical specimens; instances of such multiple isolations of enteric viruses have been encountered in previous studies (9) (10) (11) . In view of the high incidence of infantile diarrhea in Karachi and the fact that the majority of such cases in our study were not caused by bacterial pathogens, it was considered important to determine whether multiple viral infections were associated with infantile diarrhea. Therefore, virus-positive rectal swabs from both diarrheal and control infants were studied for the presence of additional viruses. The present paper describes the results of that investigation.
MATERIALS AND METHODS
Laboratory techniques. The procedures used were described in a previous report (5) . For recovery of additional serotypes from virus-positive rectal swabs, 400 antibody units of typespecific antiserum 4 to the virus type or types previously isolated were mixed in equal volumes with an aliquot of the original virus-positive rectal swab material; this mixture was incubated one hour at 37 C, and then 0.2 ml was inoculated into 3 tissue culture tubes each of human kidney, WI-38 and primary rhesus kidney, a total of 9 cultures per specimen. Each isolate was confirmed by passage in the cell system in which the isolation was made, and was then titrated. A calculated 100 TCDso of virus were tested against antiserum to the virus type or types previously re- 4 In addition to the typing sera prepared in this WJH.O. Reference Centre, other antisera were obtained from the Virus Reagents Program of the Research Reference Reagents Branch, National Institute of Allergy and Infectious Diseases, NIJEL, and from the Communicable Disease Center, US-P.H.S. covered to determine if a different serotype had been recovered. If different, the isolate was typed in combination antiserum pools (11) or with specific antiserum. Because of the varying concentrations of virus in the rectal swabs as well as the antigenic variance of the virus strains isolated, the concentration of antiserum mixed with the rectal swab material in the reisolation attempts did not always inhibit breakthrough of the original virus. It was sometimes necessary to increase the antibody concentration or to decrease the amount of rectal swab material in order to test for multiple viruses in the virus-positive specimens. In some cases, even these measures were inadequate to block homotypic virus breakthrough completely.
Selection of specimens for multiple virus study. Because of the relatively slow rate of growth of adenovirus in tissue culture and the more rapid replication cycle of enterovirusea, it was assumed that most of the specimens which had yielded adenovirus isolates were free of enteroviruses (it turned out that this assumption was generally correct) . For this reason, specimens positive for adenoviruses in the first study (5) were not investigated in the multiple virus study. In addition, the virus-negative patients and the few patients with nontypeable isolates, or with clearly multiple serotypes in the first isolation attempt, were removed from consideration. With these exclusions, an attempt was made to reflect the population of virus-positive matched diarrheal and control infants 5 previously studied (5).
"Those infants without clinical signs or symptoms for 10 days before the rectal swab collection and for 7 days after collection were classified as controls; an infant with diarrhea was randomly matched to each control. This was done by randomly selecting the subjects for the present study from that matched group in numbers proportional to the groups initially yielding polioviruses, group A coxsackieviruses, group B coxsackieviruses or echoviruses in the original matched group. The results of this selection procedure are shown in table 1. For comparison, the numbers and proportions of virus-positive patients selected for the present study are included. It can be seen that the proportions are equivalent and closely represent the original population.
RESULTS

Proportion of infants with multiple viral isolates.
The percentages of diarrheal and control infants excreting one or more viruses are shown in figure 1. Since only virus-positive infants were selected, the 59 diarrheal and 57 control infants positive for at least one virus represented 100 per cent. Thirty of the infants with diarrhea were positive for at least 2 viruses (51 per cent) and 6 infants (10 per cent) had 3 viruses. The control infants had essentially the same percentages as the diarrheal infants; 23 (40 per cent) excreted at least 2 viruses and 18 per cent had 3 or more viruses. Each of two control infants had 4 different viruses in his rectal swab specimen. These differences in multiple virus excretion rates between diarrheal and control infants were not statistically significant.
Because the present study was not begun until after the rectal swabs had been stored at -20 C for more than 12 months, it was necessary to retest specimens to determine the sensitivity of recovery. Forty randomly selected rectal swab specimens, of which 20 had originally yielded virus and 20 were originally found virus-negative, were retested. Eighteen specimens, representing 90 per cent of the virus-positive swabs, were again positive; no viruses were isolated in the second tests of the originally negative specimens.
Quantitation of virus in rectal swabs. Because of the high rate of multiple viral isolation, it was of interest to determine the quantity of virus in the original rectal swabs. 
NUMBER OF VIRUS ISOLATES FROM EACH INFANT
FIGTJBB 1. Rectal swabs from diarrheal and control infants yielding single viruses were subsequently tested to determine whether the infants might have been harboring additional viruses in the same rectal swab. This was done by carrying out subsequent isolation attempts in the presence of type-epecific antiserum against the first virus isolated. The percentages of this group whose swabs yielded two, three or four viruses are shown.
The amounts of virus per rectal swab eluate ranged from less than 10 to 90,000 TCD B o. The high amount of virus per specimen was probably responsible for some of the breakthrough of homologous virus occasionally noted even in the presence of high serum concentrations. Virus breakthrough made it impossible to recover all the viruses present in a single specimen. Too great a dilution of the specimen could have resulted in false negatives: therefore antiserum concentrations, although very high, became the limiting factor in recovery of multiple viruses. There was no relation between amount of virus in the rectal swab and clinical condition.
Serotype patterns in multiple virus isolations. The association of multiple isolates from single swabs with the serotype of the first isolates in both diarrheal and control infants is shown in table 3. In general, no consistent pattern of association was found. Poliovirus was recovered in the later isolation attempts in only one instance, possibly reflecting the relatively efficient replication of polioviruses. As was expected on the basis of their relatively slower rates of growth in tissue culture, adenoviruses were frequently uncovered in subsequent studies of individual swabs. The rate of subsequent adenovirus isolations was higher in the control infants. Eight of 23 control infants (35 per cent) with multiple viral infections had an adenovirus; 5 of the 30 diarrheal infants (17 per cent) with multiple viral infections were adenovirus-positive. Too few adenoviruses were typed to permit any association of serotypes to multiple isolations. After an adenovirus was recovered as a multiple isolate from the original rectal swab, no isolations were made when the swab was tested for still other viruses in the presence of adenovirus antiserum.
The pattern of multiple enterovirus isolations in diarrheal and control infants is shown in table 4. Only 23 per cent of the diarrheal infants who were originally positive for a group A coxsackievirus were positive for an enterovirus in subsequent isolation attempts to detect multiple viruses. However, as many as 48 per cent of the remaining 46 diarrheal infants who were originally positive for other enteroviruses had multiple enterovirus infections. Unlike the diarrheal infants, 3 of 6 control infants with initial coxsackie A infections were positive for additional enteroviruses. AJso, only 24 per cent of 51 control infants with enteroviral infections other than coxsackie A viruses had multiple enterovirus infection. This suggests that coxsackie A alone might be etiologically related to diarrhea, although the numbers observed in this study are too few other than to suggest a lead for further study. The data also suggest that diarrheal infants infected with enteroviruses other than coxsackie A are twice as apt to have multiple enteroviral infections as are control children.
Finally, if all isolations from the diarrheal infants are considered, 32 per cent yielded a group A coxsackievirus from their rectal swabs. The control infants had a total coxsackie A isolation rate of 16 per cent. All coxsackie A viruses uncovered upon reexamination of posi- tive swabs from control infants were type A24.
Other enterovirus serotypes were randomly uncovered in the reexamination of the positive specimens, and infants with diarrhea had no greater incidence of particular serotypes than did the control infants. It was clear that a significantly distinctive pattern of multiple viral isolation was not present in diarrheal and control infants, but this may have reflected the small number of specimens.
Possible role of enteric viral interference. If one assumes that enteric viral infection among infants in Karachi was randomly distributed and the spread of the different types of viruses similar, the probable rate of multiple viral infections in the absence of absolute viral interference can be calculated (12) . In figure 2 , the expected and observed rates of multiple virus excretion noted in the present study are compared. Since 79 per cent of all infants were virus-positive, one would expect 62 per cent to have at least two viruses. Similarly, the probability that an infant would have at least 3 viruses in his single specimen would be the product of the probability of his having two viruses (62 per cent) and the probability of having a single infection (79 per cent), the result being 49 per cent. Data from control and diarrheal infants were combined to produce the observed values. In view of the technical factors which resulted in the inability to recover all the viruses present in a single specimen (discussed above), the calculated and observed values were only slightly different for those infants with at least two viruses, the difference being 16 per cent. The observed rates of multiple virus infections were, however, consistently less than the calculated rates and this difference increased as the number of viruses from each specimen increased until the difference between the observed and expected rates for 4 or more viruses was 37 per cent. Whether this difference represented TABLE 4 Multiple enteroviral isolations from rectal swabs initially yielding group A coxsackieviruses or other enteroviruses*
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51
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Diarrheal
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50 24 * Multiple adenovirus isolations were scattered throughout the four categories and therefore infants excreting adenoviruses are not considered in this context. served multiple virus infection rates in Karachi infants amuming random enteric virus infection-The expected rates are calculated on the assumption that there was no absolute interference between enteric viruses, including adenoviruses.
technical factors or some degree of interference is not known.
DISCUSSION
Multiple viruses in a single rectal swab or stool have been reported by others, but as yet no clinical significance has definitely been associated with the finding (10) (11) (12) (13) (14) . To date, viral studies of infantile diarrhea have not dealt with the possibility of multiple virus infections as an etiologic factor. In studies yielding low virus isolation rates, the possibility of multiple virus infections was not even considered. The high rate of initial virus isolation in Karachi suggested the present investigation, and our restudy of selected specimens revealed a surprisingly high rate of multiple viral infections in single rectal swab specimens. More than 50 per cent of the diarrheal infants, and 40 per cent of the controls, were positive for at least two viruses. There was no significant association between infantile diarrhea and the existence or the patterns of multiple virus excretion. Of interest, however, was the seemingly lower rate of multiple enteroviral isolation in diarrheal infants from whom group A coxsackieviruses were initially recovered. There was a correspondingly increased multiple enteroviral infection rate when those diarrheal infants infected with viruses other than coxsackie A were compared with the control group, but it is difficult to say whether this had etiologic significance.
The finding that more adenoviruses were recovered from control infants than from diarrheal infants in the present study indicates that the etiologic association between adenoviruses and infantile diarrhea suggested in previous studies (5, 15, 16) requires further investigation. In a previous report (5) , it was noted that adenoviruses were recovered from a higher proportion of diarrheal than control infants during only one of the four months of the study. This indicates that even if adenoviruses had an etiologic association with infantile diarrhea in Karachi, the association was not consistent. Consideration should also be given to the possibility that diarrheal disease nonspecifically activates latent adenovirus infection in infants in a manner similar to the non-specific activation of herpes simplex infection (17) , and could therefore account for an increased isolation rate of adenoviruses in diarrheal infants.
Although results from an area such as Karachi may be unique, it seems likely that populations in other tropic and semi-tropic areas in which high rates of virus isolation have been reported (1, 18) must also have had a significant incidence of multiple virus infection; however, in these studies the specimens were not examined for multiple isolates. Existence of enteric infections with other viruses might be partly responsible for the lesser effectiveness of oral poliovaccines in tropical countries, since enterovirus interference is a significant factor in the rate of seroconversions and in the patterns of vaccine excretion (19, 20) . From studies such as those carried out in Toluca (18) and Karachi it appears that conditions of massive enterovirus infection necessary to cause interference are not uncommon.
On the other hand, the high incidence of simultaneous multiple viral infections could be cited as suggesting the lack of absolute enteroviral interference. The data from the present study clearly demonstrate an absence of absolute in vivo interference between naturally occurring enteric viruses. Under conditions where poliovaccine strains and "wild" viruses interact in vivo, vaccine strains of poliovirus might replicate to lower titers than they normally would in singly infected systems. Enhancement of some viruses might also be mentioned, although at present there is no conclusive in vivo evidence of this phenomenon in humans.
Finally, the possibility should be considered that gastroenteritis in certain infants may result from the presence of nutritional or other yet unmeasurable disorders, in combination with multiple infection with enteric viral pathogens.
Obviously, studies to demonstrate multiple causation in infantile diarrhea present difficult problems; for this reason and others, it has been suggested that more practical approaches such as attempts to improve sanitation and nu-trition in areas where infantile diarrhea is prevalent might be more effective (21, 22) .
SUMMABT
In the previous paper in this series, we reported that almost 80 per cent of more than 800 rectal swabs collected in Karachi, Pakistan, in 1964 were positive for virus. In an attempt to determine if multiple virus infections had a role in the etiology of infantile diarrhea, virus-positive rectal swabs were restudied for the presence of more than a single virus. Diarrheal and control infants yielded multiple isolates in 51 and 40 per cent of the virus-positive specimens, respectively. Among the infants excreting at least one virus, ten per cent of the diarrheal and 18 per cent of the control subjects had at least three viruses, and each of two control infants had four different enteric viruses in single swab samples. The differences in excretion of multiple viruses in diarrheal and control infants were not significant.
There was no clear-cut pattern of association between the original virus identified and viral serotypes recovered subsequently from the same rectal swab. However, diarrheal infants with an initial group A coxsackievirus isolation had fewer multiple enterovirus infections than infants initially yielding other serotypes. Multiple enteroviral isolations were noted twice as frequently in diarrheal infants as in the control infants. The possible importance of multiple virus infection or interference in infantile diarrhea is discussed.
